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Partial English Translation 

[Outline] This paper proposes and studies a new metliod of excimer laser 
annealing (ELA) of Si. This amplitude and phase modulated ELA (PAM-ELA) 
uses a mask on which a light-absorptive thin film is attached, thus it enables 
gentle change in the laser light intensity distribution on the surface of a sample, 
while a space between the mask and the sample is maintained nan-ow. Further, 
a phase shifter provided on the surface of the mask enables steep change in the 
light intensity distribution. By using these features, it is possible to form grains 
of a large size in two-dimensionally controlled positions, in the state where 
"interval fluctuations" is very small. 
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Amplitude and Phase Modulated Excimer-Laser Melt-Regrowth Method of 

Silicon Thin-Films A New Growth Method of 2-D Position- Controlled 

Large-Grains 

Kohki INOUE**, Mitsuru NAKATA^**, and Masakiyo MATSUMURA**** 

"> " ELA (PAM-ELA) mX'li. ^iRlRttSf^^nfift L^c-v>^ ^fflv^<ScDT-. -^y^-l^ tm^t<7)mf^i:m<^*> \ 
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1. s ^ # 

l--^f3fe«-fflv»/cSiSMO}tS! • S^a^b (ELA: 
excimer-laser-annealing) ffi[l]<±, feiS^feSSiS 
M h 7 >X (LT poly-Si TFT: low-temperature 
poly-silicon thin-film-transistor) <DMMt^.Wi i'^ 
;Tv^^. LtS^L. (t^J-,TO<7)) ELA^T-t±. 

ieBliOegt4 0.lMmgJSi:Mi6T/h$v». igS*ifSt 

uff«i-4:^So#iBififiioycii)U. tft»4. ^ib 

^7{>^200cm2/VslI^. :t > ym.m.it-b'^ 10^ S)t 
i:. ^E-<75#ttJ4#MB^Si?rfflV»/^MOS (metal-oxide- 
semiconductor) f- -7 >'>'x ^<D#l4tcJt'^T, 

:i<Ofz»b, LT poly-Si TFT Offl it tifE^-f-fXyi^ 
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B^H^i ^ 7 X icBfiS; -C ^ ^ fi> »f , *i #Oi^f£ 
o^^S3&*9l«)igtit*<OT*. TFT#1475f:*:*ltc3i:ll 

tg^^'TFT trJ: ») **7J^^«±(c;^«T-# -5 t«8^$ 

:bt,. :'ci^^lSB^B*£^fi£RT-#-2.. C ELA If jgiHt 
1992:^tC%l,?n/^ (2). LT 1990 
^iX'ik^iz, TO— l4o#^:^lcov^T»>^^!S^7J* 
^: ? *tT . ^fflttTj*^ S o f.- [3] - [7] . 

«l:^iai^RELAa<7)-oT*S "gradient" j£(3] T 
\i, M^ffilcr&oTSiifl^l*lSKTsiO«!lS8M«rSiO 
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la 1 PMELAftui5»t-s "mmtShW" <r>m.m 

Fig. 1 Origin of "pitch-change" of crystallized grain in 
the PMELA method. 



^,^SX±i^-t^ ttii{Z, -eitl'^raW^Cl^SS?:-^ Laser light beam 

4 . Tsi ^^UM^m Kt>fz^x mi-mom^-Q^s^y-i- 
jfe.df *»®*o»i Tsi mm^ h -mmm tsi cc^k 

-r ^ . Tsi Tl^ife.ir W±0|Rltt?(i Si fir§gl!tfe^ ^ <^*> . 
it.^.feiLTO^J^-CfiSiJiB'fkLJ;^ 

if ALT, 7U:?«;Hil«r4:e^$-<i:'5Ci:7&«*^-r-* 
<6. iWfifcffifilJffllELA (PMELA: phase-modulated 
ELA) m['i]iZX'0. BEIC* V 3 y h T'SC 10 COlS 
>a*i[;6*|im$:fT'-Cv^^ [8]. Sf^. Simi*l'^l^t£t!tm 

-Cv>-5 [9], [10]. 3|s:|i5:{±c:cOPMELAftlC^ett/c 

ELAfe i-^r:b*>S<li-12:4SfPmELA (PAM-ELA: 
Phase and amplitude modulated ELA) fe^rti^ • 



2. PMELA ^C0PgS^<0-?^<7>jt*^ 
PMELAffi-CH, SW^r-vX^'O^JPSrS^rae^ltzto 

ffl LTv^jfcv^O-C, 100%JS< 0^v»^jc;^;u^-fijffl 

*). i^^B^i2:k7z&^i^mnLxm^-t^^ti>-^m 

A = VSdA (1) 



1 -7 ;^ <7) M d J± 1 mm S)^ IC ^: ;5. . 
d = 1 mm. 6=0.01" t f - <r> "KPH^ ^> ^" t± 

«70.2/imtc()'i>?). "F^iisst>r" t±, im«®tc?eo 

-ftLjf, PMELA ^tl^^filtc. sW4M<0:3fe^K«:«<J 
C: <DM(iMfWfflI ELA (AMELA: amplitude- 
modulated ELA) feffi, jtJL^^^^^•-<7)^|Jffla^ 
O ® T ^ -7 ^ <7D jtffl^ t V > ^ Pb^ S l± ti f> ix ^: V ^ . 

Oi£±trm<^t (d«0i:-r'6c:t) 3&«nrtg-c*o 



3. -ata-ii^Sfty^ELA-^ (PAM-ELA-^fe) 

Iil2tc AMELAffitCfflv»4-7;^^'<^S*«ii«r* 

"gradient" ftH*5tt'5«:^l&J«fi«1S55*«''»-C. ^» 
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Excimer-laser light 



Mask 




Quartz plate 
Attenuation layer 



^ — T^- 

Grain growth 

112 ^i|ii$<l^ELA (AM-ELA) &<Om.«6 
Fig. 2 Schematics of amplitude-modulated ELA (AM- 
ELA) method. 

Si02. Si3N4, SiC'^Ge02^J:i^<r>iS.^^X'm&^tl 
i, [81. 

dl/dy = —a/ 

= -£?n.ax (2) 



(3) 



^BBJt-r-&7t5^)g(^BffMffi^/(x) (</o) t^-^Jf. 

'£-^^«iR14^)^<^¥$ t(x) ti 



E„^t{x) = Io- I{x) 



(4) 



■e4-x.P>ti.'5. -r^:t>*), /(x) t t(x) i: »±ll^<OM 
# 'Sr * . SiON ^.*t*4T-J4 E^^ t± 5 kJ/cm^ gJ^T' 

100%^p-e # -5) SiON mm<Dm $ {± 2 fIJK 



Phase-shtftcr 



SiON 




(a) Basic structure 

Phase-sbifter 



SiO, 



SiON, 




(b) Improved structure 

m 3 • fi[««IJf» ELA(PAM-ELA) ffl X 0«H& 

Fig. 3 Schematics of a mask for amplitude and phase 
modulated ELA (PAM-ELA). 



1/xmJil.TT-J: v\ 

161) <DJ^izmt-ri>^^i''^ii. :3feS*lK»±— ^TcWU 
B^aliJ±x:^|fi]kti«^:i»^=0:v^^?. ^:^|fi]tcj±tt*)tc» 

^ ft L no ^ U ^-f t ? -It * t4 . mSi1i\ilLi)^-SL^^ ^ztj:Z>. 
iRJRtt»l^«0SBnt±SW'5rlEIP[ (««lx.»f Si02) -^S*? 
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x:^[S]H?&oT. TtMSMl^J: "Ji^^^^t^SiS 

® H {± ^ :^[&] \£ y ^ (Dit^k&^m-h^^ C i> . itit 
*m^t± Tsi^^tcti t ^ [9]. CI 
.: ^^:g|<;^»LS^^^>of>:Sffi.6<J'S:Tsi55■#7!l^^^$tt2). *S 

ffifflSfJffllELA (PAMELA I Phase and Amplitude 
Modulated ELA) t Lfz. M 3(a) L 7t '7 ;^ 

i7xii. x:^ifi]iwr&oTG:ffi5i^-«ic^i@$ix-s<oT-. 

4. 1 AM-ELA 

m^mi^y^=4tim, Stt1ilt*'y^=20/xm) «rfflv^ 




13 4 AM-ELA ffl-7A^Wf^SiKfflV»/'c-'<*-:' 
Fig. 4 Patterns for Etbricating an AM-ELA mask. 




m 5 i^m L tz AM-ELA m-^^i^ nim afm « 

Fig. 5 An AFM image of the mask for the AM-ELA 
method. 



ii:<^j:&tX'J-y'f->VLfz. AFM ftSrS 5 U^-f. 

C:<7)-7>f>^'*S^*l (^•vy7'SiO2B^ff=200nm, Si 
BIIf=200nm. W^SOGT^b^Jf =400nm) tctfe-tt 
X, i&i~U—^'itXl^^itLfz. Heic-tnJ^-yf-m 
<^OTSEM¥*^^-f. IS^^«±. BBS+J^^^l'^- 
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Stripe-like 
nucleation 
region 

136 AM-ELA)ST«Sa^afbL/-gm«M<^SEM¥K (secco 

Fig. 6 SEM photograph of a sample crystallized by the 
AM-ELA method. (After Secco etching) 



4.2 PAM-ELA 

SiON «JRttPfM*|5|«'5:#feT-/N-;5' - - > ^ L 

3fcSi555-tC<)^oTv^^,. :i<Dfztb, Si02)Kf±li t ^t* 

tS^^I:^. ^<7)J: ^ LTf^SSLT^cPAM-ELAffl^ 
AFM ft «r (17(a) i;^-r. Si02MM<± 




(b) 



a 7 f*S? L PAM-ELA ffl ^ X ^ <OSffi AFM (a) t 

«SSM<0*SfCc#14 (b) 
Fig. 7 An AFM image of the Mask for the PAM-ELA 

method (a) and position-dependent steps on the 

surface (b). 

SEMf* (secco ir^-t. -7 7. ^ \,tW^\zm. 

mm-^x$>h. ^mzx^tzi&^?mm^ic)<Dfpiz, 
<7)mmi, mm^y ^ \zX':>xwhitfz^^k&<r>m/^ 

tzmmzMJi:''i-i>. -5-LT. C<OiHBj|tOSg*-<b:^§*: 
*SB^Be(A)*«^SLTv^4. (A) i:MI4^^cfSJ*(B)-C 
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Place f phase-shifter & 
thick attenuation layer 




20^m 

ms PAM-^ELAm-cm^itLtzwmmm^osEu^ (t) 

i:«Eil:ia (±) (Secco j:- yf-^) 
Fig. 8 SEM photograph (bottom) and its schematics 
(top) for a Secco-etched sample crystallized by the 
PAM-ELA method. 



5. ti t Xf 

IEi|iS -fi:ffl«»J1»ELA (PAM-ELA) ftSrS5g-«^tE 
Falrr li-U>Xfi;6^S< T<J:v^;5>ib. 4> ^ v -^f 

3i&M5is ^ ct d kzm^i-fia, wL^<Dmmm ela 

^®*iSffl-C§*plffitt:d-*ab>&. PAM-ELA T- 
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